Abstract The aim of this study was to determine and compare the quality parameters of broiler chicken meat from free-range and industrial poultry system. Proximate composition, color, pH, shear force, microbial quality and sensory characteristics were evaluated. Both free-range and industrial chicken meat presented PSE (pale, soft and exudative) anomaly (L* [ 53). An inverse correlation between lightness, pH and shear force was observed. The free range broiler meat had higher yellow color (b* 11.56) and shear force (2.75 kgf) and lower red color (a* 1.65) and pH (5.75) in comparison to the industrial broiler meat, due intensive physical activity on growing phase and influence of the pre-slaughter stress on the rigor mortis. The thigh cut from free range broiler meat showed higher protein levels (18.00%), while to the thigh and drumstick cuts of industrial broiler meat showed higher total fat levels (3.4 and 5.0%, respectively). In general, each strain and chickens producing methods gave the peculiar characteristics to meat (chemical, physical, microbiological and sensorial).
Introduction
The competition between large companies and the intensive broiler chickens production has contributed to the development of new trends in chicken meat consumption through a strong demand for meat from production systems which ensure food security (Zanusso and Dionello 2003) , and animal welfare combined with environmental responsibility, consumer health and sensory quality (Madeira et al. 2010) , constituting a market trend that adds value to carcasses and opens new horizons for chicken differentiated (peculiar) meat products (Fanatico et al. 2007 ). Freerange chicken production is one of the most promising segments of the poultry sector where production takes place with slow-growing strains, and the chicken meat present different sensory characteristics from that raised in confinement, displaying darker, firmer, and sharply flavored meat (Takahashi et al. 2006) . Its production aims to attend a market niche constituted of more demanding consumers with greater purchasing appeal (Zanusso and Dionello 2003) .
Nutritionally, chicken meat is a source of protein with high biological value, especially compared to vegetable proteins and their micronutrients content, such as vitamin A, thiamine, iron, phosphorus and nicotinic acid (Koblitz 2011) . In addition, the low energy value places chicken meat as a healthy food, indicated for use in healthy diets due to its reduced fat content, as well as a higher proportion of polyunsaturated fatty acids (PUFA), when compared to other species meats (Riovanto et al. 2012) , factors that make the chicken meat production and consumption popular worldwide. In this sense, the homogeneity of meat quality becomes a major concern for the chicken market and for consumer acceptance (Le BihanDuval et al. 2008) . Compliment with all quality specifications is, undoubtedly, the main challenge for the meat industry today. On the other hand, monitor intrinsic quality patterns (physical and chemical) is important (Li et al. 2016) , as well as the microbiological and sensorial quality of this meat, whether to be able to observe the incidence of anomalies, or to better satisfy the consumers' preference, therefore creating an instrument of quality assurance (Koblitz 2011) . Hence, considering the demand for poultry consumers has grown in recent years and the limited number of scientific studies that emphasize qualitative features of free-range chicken meat, it is relevant and appropriate to conduct a study in order to determine, microbiological and sensory characteristics of free-range chicken meat comparing to the industrial (conventional) system.
Materials and methods

Meat samples
Forty-eight (48) refrigerated (4 ± 1°C) whole carcasses of male chickens, 24 from free-range and 24 from the industrial (conventional) system were used to perform the comparison of chemical (proximate), physical, microbiological and sensorial analyses. The industrial broilers chicken (Cobb and Ross strain) were purchased at a local market, and aleatory free-range broilers chicken (Gigante Negro, Isa Label, and Paraíso Pedrês or Label Rouge strains) were purchased from a local chicken farm, being acquired at the age of slaughter by the producer. Chicken samples were acquired up to a maximum of 3 days after slaughter and taken to the laboratory properly packed in cool boxes with ice. Breast, thigh, and drumstick samples were taken from the refrigerated chicken carcasses, deboned, skinned and superficial fat removed. Subsequently, were ground and homogenized for the determination of chemical characteristics. The breast samples were used for physical, microbiological and sensory analyses.
Proximate composition analysis
The proximate composition analysis was evaluated using the AOAC Analytical Methods (AOAC 2006a, b, c, d) Pedroza and Cozzolino (2001) : the corresponding caloric coefficients of 4, 9 and 4 kcal g -1 to proteins, total fat, and carbohydrates, respectively. All analyses were carried out in triplicate.
Physical analysis
The pH analysis was carried out with a penetration electrode at three different points of the chicken muscle using a portable meat pH Meter (HANNA HI99163). Color determinations were performed with a colorimeter (Minolta Chroma Meter CR400) programmed with CIE Lab* system. Readings were made at four different points on the inner surface of the chicken's left breast muscle. The shear force (SF) was evaluated using cooked samples (cooking in a water bath until reaching an internal temperature of 82°C). After cooking, the samples were cooled to room temperature and stored at 2 ± 1°C for 24 h. Afterward, parallelepiped shaped cuts 2.0 9 1.0 9 1.0 cm were made and analyzed in the texture meter (TA.XT Plus Texture Analyzer), coupled with Warner-Bratzler accessory. Samples with fibers perpendicularly oriented to the blade were sheared to measure the shear force at a rate of 20 cm min -1 with a load of 100 kg (Froning and Uijttenboogaart 1988) .
Microbiological analysis
Shortly after sampling, the cooled carcasses were taken to the laboratory in order to determine the microbiological quality. The analyses of the total count of mesophilic aerobes, the thermotolerant coliforms, and the presence of Salmonella sp. were performed following the official methodology (Brazil 2003) .
Sensory analysis
Sensory analysis was conducted through the difference from the control test described by Dutcosky (2007) . Chicken samples were prepared with 0.25% salt (based on the weight of the raw samples) in an industrial oven (180°C for 30 min) until the internal temperature reached 82°C. After cooking, samples were cut into relatively uniform portions and kept in a thermal counter until they were served. The test was applied with 30 (thirty) untrained randomly selected panelists. Three samples were presented to the panelist: one called C (control) and two encoded, one of these being equal to the control. The panelists were asked to compare each sample to the control on the following sensory attributes (color, odor, flavor, texture, juiciness, and overall impression) according to the rating scale: 1-Extremely better than control, 2-Much better than control, 3-Regularly better than control, 4-Slightly better than control, 5-No difference from control, 6-Slightly worse than control, 7-Regularly worse than control, 8-Much worse than control, 9-Extremely worse than control. The samples were placed in disposable plastic plates with a glass of water to rinse the mouth.
Statistical analysis
An analysis of variance (ANOVA) was performed for the statistical examination of the data from physical, chemical and microbiological analysis, using the minimum squares method, and the F-test at 5% probability (p \ 0.05) was used to compare the means of each area between the treatments. For the sensory analysis data, analysis of variance and Dunnet test was used, comparing the control sample to the others, in order to estimate the degree of difference between them at a significance level of 5%.
Results and discussion
Proximate composition analysis
In general, the proximate composition of the carcass will depend on their genetic makeup, age, diet, and management, as well as environmental conditions (Baracho et al. 2006; Koblitz 2011) . In addition, differences in physical and chemical characteristics are related to the chickens' sexual maturity, growth potential, muscle development, and lineage, besides age at the moment of slaughter and sex (Faria et al. 2009 ). The proximate composition analysis of the breast, thigh and drumstick proved there was statistical difference (p [ 0.05) between the chickens when it came to the protein content of the thighs (15.7 and 18%), and total fat content of the thigh (3, 4 and 2.2%) and the drumstick (5.0 and 3.0%) and caloric value of the drumstick (121.9 and 103.7%) for industrial and free-range broilers, respectively. The results of the proximate composition analysis are displayed in Table 1 .
The highest mean for the ash content was observed for the industrial broiler's breast, whereas thighs and drumsticks had equal means. Free-range broiler chickens had higher protein content (p [ 0.05) for breast and thigh, and statistically equal for the drumstick. Altogether the kinds of meat cut had superior amounts of total fat in industrial broiler chicken meat rather than in free-range chickens, as well as the caloric value, except for the chicken breast whose mean was inferior, despite no statistical difference (p [ 0.05). Abeni and Bergoglio (2001) found values lower for moisture (74.81-75.5%) and higher for total fat (1.85-2.58%) in breast meat of three commercial strains. Lichovníková et al. (2009) compared the meat quality of two strains, one fast and another of slow-growing at 49 and 90 days of slaughter, and observed a greater fat percentage (p [ 0.05) in the fast-growing chickens and lower moisture content as the chickens aged. Faria et al. (2009) paralleled two free-range chicken strains and verified a greater fat deposition as age advanced (65-95 days) from 0.44 to 0.61% and 0.76 to 0.87% (breast) and from 1.90 to 2.74%, and 2.32 to 2.39% (thigh) for Pescoço Pelado and Paraíso Pedrês, respectively. Breast and thigh's moisture decreased with the chickens' age from 74.22 to 73.28% (breast), 75.80 to 75.70%, and 76.38 to 75.93% (thigh) for Pescoço Pelado and Paraíso Pedrês, in that order. The moisture behavior in males Paradise Pedrês breasts increased discreetly with age (73.39% at day 65-73.40% at day 95), similar to what was observed in the drumstick, whose moisture was higher in free-range chickens when compared to industrial chicken. Generally, taking into consideration the advanced age at slaughter, the meat undergoes a reduction in moisture and increase fat content (Fanatico et al. 2005) . Results found for moisture of the breast and thigh of the compared strains, corroborate this information.
According to Bogosavljevic-Boskovic et al. (2010) , ''Label'' broilers present 10% more muscular development, in addition to the reduction in intramuscular total fat content, resulting in structural differences in the chickens' tissues and organs, as well as the biochemical processes involved in metabolism. In their study, these authors evaluated two breeding systems (''extensive indoor'' and ''free-range''), and observed the breeding system's effect on the protein and total fat content of the breast (white fibers) and the legs (dark fibers), discovering higher levels of protein and lower levels of total fat in chickens bred with access to paddocks, without significant influence on dry matter content and ash. Fanatico et al. (2005) noted the limited impact of genotype and production system on the dry matter (moisture), ash, and fat. In this study, fast-growing chickens with access to a paddock presented lower moisture content (p [ 0.05) when compared to the genotype that had access to outdoors, without statistical difference between ash and fat content. The data referred to protein between the two strains did not differ except for the thigh where the values were statistically different (15.7 and 18% for industrial and free-range broilers chicken, respectively). Faria et al. (2009) came across similar values for the Pescoço Pelado (19.48%) and Paraíso Pedrês (19.01%) strains, relative to the chickens' thigh. Greater protein content in free-range broiler chicken meat may be related to a reduction in the fat content of these chickens, which would elevate the protein content of their muscles.
Significant differences (p \ 0.05) for moisture and protein were observed in an experiment that related color to chicken breast composition, from three commercial plants, without, however, finding any statistical difference in total fat and ash. The differences were significant in the commercial chicken composition which may indicate genetic predisposition or because by antemortem factors (e.g., management, the chickens' diet, etc.), which in turn would also influence the meat's color (Qiao et al. 2002) .
Physical analysis
The color analysis of the chickens' breast revealed significant difference (p \ 0.0001) between the colors parameters a* (redness) and b* (yellowness)-scores for industrial and the free-range broilers chickens, respectively-whilst for L* (lightness), no difference was observed, as shown in Table 2 .
The L* scores were above 53, i.e., the color was lighter than usual, indicating that the meat may have quality problems, characterized as PSE (pale, soft and exudative) (Koblitz 2011 ), more specifically due to inadequate antemortem management, such as pre-slaughter factors, stunning methods and cooling regimes (Karunanayaka et al. 2016 ). This phenomenon may be due to the denaturation of myofibrillar proteins caused by quick post-mortem glycolysis that caused a decrease in the meat pH while it was still warm, a growing problem and concern in the meat industry (Kato et al. 2013) . As a result, lower water retention capacity and pH changes compromise the quality of processed meat products, causing damage to their sensory properties, such as reduced succulence and low emulsification capacity (Garcia et al. 2010) .
The a* scores for the industrial broiler chicken was higher than that of the free-range, unlike b* which were lower indicating that the free-range chicken meat had the highest intensity of yellow color, this could be clearly observed regardless of the measure of the colorimeter, meanwhile, industrial broiler's meat had higher red intensity. Faria et al. (2009) stated that the ingestion of larger amount of forage rich in carotenoids by slow-growing chickens provides a greater intensity of yellow color in the meat, resulting in higher b* value.
Pale, soft and exudative (PSE) meats of industrial broilers chicken were observed by Qiao et al. (2002) while analyzing chicken breasts' meat of three commercial groups. They observed the anomaly in samples with no statistical difference values of L* (61.49, 61.60 and 61.66), and extreme values of a* (3.63, 4.10 and 4.52) and b* (8.78, 9.23 and 9.87), with a significant difference. Although there was a strong evidence of the influence of short-term antemortem stress on meat color, the author explained that the variations could happen due to a possible genetic predisposition or to other factors, in the long term, associated with the breeding of these chickens. Fanatico et al. (2005) evaluated the influence of different genotypes on the meat quality of slow-growing chickens with or without access to the paddock and noted that the chicken's breeding system and genotype had a strong impact on the color. In this study, all chickens presented lightness values within the patterns of normality. Faria et al. (2009) also evaluated the color of the meat from two free-range chicken lines, and found normal values of L*(47.13 and 47.51), a*(4.72 and 5.34) and b* (6.29 and 5.23) all without any statistical difference between the freerange Pescoço Pelado and Paraíso Pedrês strains, respectively. The scientific literature indicates a negative correlation between L* values and pH, and the reduction of lightness as age increases is usually related to a rise in pH values. The results of this study confirm this association, as pH values presented significant difference (p \ 0.05) among the chickens with lower means for free-range broiler chicken (5.75) when compared to industrial broiler chicken (5.90) ( Table 2) .
According to Bogosavljevic-Boskovic et al. (2010) , chickens raised with access to the paddock have reduced stress because of the animal's comfort and welfare; further, their meat has better flavor and aroma when compared to the meat from the conventional breeding system. In the present study free-range chickens, although bred with more freedom, presented lower average pH value lower, indicating a higher post-mortem meat acidification, possibly related to the stress experienced prior to slaughter. The post-mortem pH decline strongly affecting the quality of meat was reported by Debut et al. (2003) . The author compared the meat quality of two strains (with fast and slow growth) submitted to different conditions before slaughter and observed the significant effects of these conditions on meat characteristics and some interactions with the genotype, whose effects were greater in the thigh than in the breast. According to this author, the pH decline rate (initial and final) has determined variations in the meat quality, noting that the more acidic it presented, i.e., the lower the pH was, the paler the meat became (higher value of L*), this data agrees with the results of this study. Qiao et al. (2001) detected an increase in all L*, a* and b* scores (55.95, 3.42 and 5.56, respectively) compared to normal meat, data that resembled to those established in this study (except for the a* and b*scores of the free-range broiler chicken lineage), indicating strong negative correlation with low pH values. Le Bihan-Duval et al. (2008) measured L* (54.9), a* (0.8), and b* (11.8) values, and reported that pH decrease was influenced by the chickens' behavior during slaughtering, especially the wings movement, highlighting that the literature related to the influence of genetics factors on such behavioral characteristics and the implications of it on meat quality was scarce. This author established the final pH value of 5.64 for chickens of commercial lines affirming that it was a relevant selection criterion on determining the meat's quality due to being strongly associated with color, water-holding capacity, and texture. Faria et al. (2009) observed values of 5.90 and 5.82 for the Pescoço Pelado and the Paraíso Pardês strains, respectively. Possibly the selection of chickens with fast growth determines chickens breasts with white fibers of a bigger diameter, which present glycolytic activity and have lower glycogen reserves before slaughter, resulting in differences in pH decline and pH final value between fast-and slow-growing chicken strains. Lichovníková et al. (2009) obtained lower final pH values (p \ 0.05) in fast-growing chickens at the 49th and 90th day of slaughter, contrasting with the results attained in this study, attributing the effect of the chickens' genotype to this, regardless of age.
The meat tenderness was analyzed through the determination of the shear force and displayed a significant difference (p \ 0.05) between the chickens (Table 2) . Free-range broiler's meat presented higher value (2.95 kgf cm -2 ), which indicated it was less tender than the industrial broiler's meat (2.52 kgf cm -2 ), these results agree with the data encountered by Fanatico et al. (2005) . Contreras-Castillo et al. (2007) affirm shear force has a significant inverse correlation with pH, i.e., low pH meat is less tender; this correlation is confirmed in the present study. The low tenderness presented by the free-range broilers meat, observed in the present experiment, may be attributed to a greater amount of exercise performed by the chickens during pasture (Santos et al. 2005) , this would entail an increase in the myofibrils diameter, area and density on the chickens' breast muscles (Pectoralis muscle), other than that, the elder age at slaughter is strongly correlated to shear force increasing its value significantly (Chen et al. 2007 ). According to Ramos and Gomide (2009) , the meat of younger animals tends to be tenderer, this characteristic decreases with age, because of the accumulation and, especially, the maturation of the connective tissue in the muscle fibers. Coelho et al. (2007) evaluated the shear force of eight free-range chickens genotypes and observed differences between the genotypes, their study observed higher values than those of present study for Caipirão (3.07 kgf cm -2 ), Pinto Preto Pesado de Pasto de Pescoço Pelado from Piracicaba-7P (3.30 kgf cm -2 ), Paraíso Pedrês (3.16 kgf cm -2 ), Label Rouge (3.19 kgf cm -2 ), Caipirinha (3.58 kg cm -2 ), Paraíso Pelado (3.37 kgf cm -2 ), and Carijó Barbado (3.45 kgf cm -2 ) strains, all with no statistical difference from control (4.02 kgf cm -2 ), except for the Caipirão and Embrapa 041 types, which presented means of 3.07 and 2.67 kgf cm -2 , as the author interprets, these results could be related to the chickens' muscular physiology, because the glycolytic metabolism of the pectoral muscle would reduce the effects of the difference between the conventional and the free-range breeding systems.
Microbiological analysis
Microbiological analysis (Table 3) showed that all samples were within the satisfactory standard demanded by the Brazilian legislation, which establishes the maximum limit of 10 4 (or 4 log) thermotolerant coliforms g -1 of food (Brazil 2001) . The presence of coliform bacteria in food is considered a useful indication of post-sanitizing contamination, representing poor hygiene during the processing and storage of food (Franco and Landgraf 2002) . Although there is not a standard amount of aerobic mesophilic bacteria in chicken carcasses, the mesophilic count presented a higher level of contamination in free-range broiler chickens, even though without statistical difference (p [ 0.05). The high scores of this bacterial group in perishable foods such as chicken are indicative of poor processing during the production chain. Most foods present levels higher than 10 6 CFU g -1 (or log 6) when alterations are detectable, which will vary depending on the types of food and microorganisms present (Franco and Landgraf 2002) .
Processed chicken carcasses and raw chicken products often get contaminated with important pathogenic microorganisms related to public health. These are usually associated with muscle hemorrhages and pH which favored the multiplication of microorganisms, as well as the cross contamination that may occurred because of the carcasses exposure to fecal matter and pathogens (Baracho et al. 2006) .
A higher incidence of Salmonella was more prevalent in free-range broiler chicken (50%) when compared to the industrial broiler chicken (25%). This data was reached by Bailey and Cosby (2005) , who detected this microorganism in 31% of free-range chicken carcasses. These authors consider that chickens bred on the free-range system, are more susceptible to contamination by Salmonella, for they had access to a pasture area being exposed to wild chickens, insects, rodent feces and other potential Salmonella vehicles.
Overall, industrial broilers chicken presented better microbiological quality, less contamination by thermotolerant coliforms and mesophilic bacteria, and a lower percentage of Salmonella occurrences (Table 3) .
Sensory analysis
The multiple comparison tests of chicken samples were conducted with 30 tasters, mostly males (66.7%), aged 21-30 years (53.3%), graduate students (83.3%). All claimed to be chicken consumers. The mean values of sensory acceptability for color, odor, flavor, texture, juiciness and overall impression of the industrial and free-range broiler chicken are shown in Table 4 . The color was the only sensorial attribute that revealed a significant difference (p \ 0.05) among the chickens. The sensory acceptance of color, as well as for odor, texture, juiciness and overall impression, were between the hedonic terms ''Slightly better'' and ''No difference from control'' for the industrial, and ''No difference of control'' and ''Slightly worse than control'' for the free-range broiler. As for the flavor, the sensory acceptance of the two chicken types was among the terms ''Slightly better'' and ''No difference from the control''. Coelho et al. (2007) utilized the same instrument as this study to perform a sensorial evaluation on free-range chicken samples and noted that some free-range genotypes analyzed for tenderness and flavor were distinguished by consumers, having average scores ranging from 3.33 to 4.56 (tenderness) and 3.31 to 4.00 (flavor), i.e., from ''Slightly worse'' to ''No difference from control'', meanwhile the control means were 4.75 and 4.32 for tenderness and flavor, respectively, and the samples were classified as ''Slightly better'' and ''No difference from control''. In summary, these attributes presented themselves ''Slightly worse'' when compared to industrial broilers meat. Lichovníková et al. (2009) observed significant difference in color of chickens with different genotypes with or without access to paddocks, as for the texture the difference was observed at the 49th day, for flavor and overall acceptance at the 90th day, with better ratings for the slowgrowing chickens. Garcia et al. (2010) did not identify significant differences amongst steaks for taste, preference or general appearance, for chicken breast fillets (with PSE and normal). The results presented in Table 4 corroborates with this study except for color.
Trained panelists are normally used to assess attributes such as flavor and tenderness, seen as they can detect minor differences whereas the untrained might not always identify changes between different samples (Coelho et al. 2007) , this situation was observed in this study and supported by Jahan et al. (2005) who evaluated the sensory quality of chicken breast through the descriptive free profile test, and noted that the free-range chickens were not significantly differentiated from the conventional system chickens on the appearance, aroma, flavor and texture attributes. In the present study, despite the occurrence of the PSE phenomenon and its consequences (a type of anomaly), the panelists did not observe differences in terms of odor, taste, texture, juiciness and general impression. Nevertheless, the incidence of PSE meat found in the present study may cause losses to the processing industry due to its low water retention capacity.
Conclusion
The free-range chicken meat showed peculiar meat characteristics (chemical, physical, microbiological and sensorial) in comparison to meat from industrially reared chicken. PSE anomaly in both chickens was observed by the color analysis. Cultural factors may determine the preference by the consumer. The parameters that affect meat quality are complex and may occur throughout the production chain. The understanding of all critical points combined with technologies may reduce risk factors throughout the production chain and can lead to better control and management, reducing losses and improving quality of meat. 
